Objective: Currently, there is no EQ-5D value set for Poland. The primary objective of this study was to elicit EQ-5D Polish values using the time trade-off (TTO) method. Methods: Face-to-face interviews with visitors of inpatients in eight medical centers in Warsaw, Skierniewice, and Puławy were carried out by trained interviewers. Quota sampling was used to achieve a representative sample of the Polish population with regard to age and sex. Modified protocol from the Measurement and Value of Health study was used. Each respondent ranked 10 health states and valued 4 health states using the visual analog scale and 23 using the TTO. Mean and variance stability tests were performed to determine whether using a larger number of health states per respondent would yield credible results. Modeling included random effects and random parameters models. Conclusions: This is the first EQ-5D value set based on TTO in Central and Eastern Europe so far. Because the values differ considerably from those elicited in Western European countries, its use should be recommended for studies in Poland. Increasing the number of health states that each respondent is asked to value using TTO seems feasible and justifiable.
Introduction
Economic evaluation of health technologies in the cost-utility analysis framework aims at providing maximal utility-as perceived by a given society-within a limited budget, and thus should be based on social preferences that are to be satisfied. The EQ-5D questionnaire is a widely known tool that can be used to elicit social preferences [1] .
The EQ-5D was translated into Polish in 1997, after the EuroQol Group guidelines and in interaction with EuroQol translation review members [2] . This version is currently used in clinical research conducted in Poland. The main limitation against the wider application of the Polish EQ-5D in clinical and pharmacoeconomic studies in Poland is the lack of either population norms or a national EQ-5D value set. As a result, the Agency for Health Technology Assessment in Poland (AHTAPol) has been recommending the use of the EQ-5D European value set [3] . This value set was derived using the visual analog scale (VAS) methodology developed during the EuroQol BIOMED Research Programme funded by the European Union (1998) (1999) (2000) (2001) [4] . This might not be an optimal choice, as in health economics, the preferred outcome measure is quality-adjusted life-years (QALYs) and the VAS scale is less associated with the QALY paradigm than choice-based valuation methods, like for instance time trade-off (TTO) [5] . Moreover, the EQ-5D European value set was based only on data collected in Western European countries (Finland, Germany, The Netherlands, Spain, Sweden, and the United Kingdom), lacking data from Poland or any other Central European country. The primary objective of this study was therefore to establish a Polish EQ-5D value set using TTO. The secondary objectives included comparison with the EQ-5D European VAS value set and other potentially useful value sets, as well as assessing the possible bias resulting from expanding the TTO experiment to 23 states per respondent.
Methods

EQ-5D
EQ-5D essentially consists of two pages-the EQ-5D descriptive system (page 2) and the EQ visual analog scale (EQ VAS) (page 3) [1] . The EQ-5D descriptive system comprises the following five dimensions: mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression. Each dimension has three levels: no problems, some problems, and severe problems. The respondent is asked to indicate his or her health state by ticking (or placing a cross) in the box against the most appropriate statement in each of the five dimensions. This decision results in a one-digit number expressing the level selected for that dimension. A health state is defined by combining one level from each of the five dimensions. A total of 243 possible health states are defined in this way. Each state is referred to in terms of a five-digit code. For example, state 11111 indicates no problems on any of the five dimensions, while state 11223 indicates no problems with mobility and self-care, some problems with performing usual activities, moderate pain or discomfort, and extreme anxiety or depression.
EQ-5D health states, defined by the EQ-5D descriptive system, may be converted into a single summary index by applying a formula that essentially attaches values (also called weights) to each of the levels in each dimension [6] . The index can be calculated by deducting the appropriate weights from 1, the value for full health (i.e., state 11111). Information in this format is useful, for example, in cost-utility analysis. Value sets have been derived for EQ-5D in several countries using the EQ-5D VAS or the TTO valuation techniques [20] .
Sample
Between February and May 2008, 10 trained undergraduated medical students surveyed a representative sample of the Polish adult population. Two training workshops for the interviewers were conducted by two study investigators (JB, DG). Each interviewer had to conduct at least one simulated interview. Survey quotas with respect to age and sex were prepared based on demographic data from the Central Statistical Office in Poland [8] . Face-to-face interviews were conducted among visitors of inpatients in eight medical centers in Warsaw (Mazowieckie voivodship), Skierniewice (Łódzkie voivodship), and Puławy (Lubelskie voivodship). Respondents were not promised any compensation but were given an unexpected gift of limited value only after the interview had taken place. The study was approved by the Medical University of Warsaw ethics committee (KB/24/ 2008) and all respondents gave informed consent.
Study Design and Pilot Tests
This study was based on the most frequently cited EQ-5D valuation study, the Measurement and Value of Health (MVH), conducted in the United Kingdom in 1993 [9] . The MVH study was a large exercise, in which each of 3395 respondents valued 13 different health states. The MVH research group collected values for 43 (out of 245 potential EQ-5D health states [including "unconscious"]), frequently eliciting more than 500 observations per health state.
Because of budget limitations of the current study, it was necessary to modify the MVH protocol. Based on the findings of Lamers et al. [10] who studied the efficiency of the MVH design, the current study proposed to 1) carry out approximately 300 interviews; 2) collect approximately 150 valuations per health state; and 3) increase the number of health states valued per respondent to more than the 17 health states (as in the EQ-5D Dutch [10] and Japanese [11] studies).
Five pilot interviews were conducted by one of the study investigators (DG) and one of the student interviewers. Respondents ranked a set of 19 health states and valued the ranked health states using the EQ VAS and the TTO technique. These pilot interviews showed that the ranking and VAS valuation exercise may be more time-consuming than the TTO exercise alone. Given that TTO was the primary aim of this study, it was decided to 1) reduce the number of health states to be valued in the ranking exercise to 10; 2) reduce the number of ranked health states to be valued using the EQ VAS to 3 or 4 (the best, the worst, the closest to the average, "immediate death"); and 3) increase the number of health states ranked in the TTO exercise to 23. The above changes were the most substantial deviations from the MVH protocol. Possible problems resulting from the increase in the number of states to be valued using TTO, e.g., order effects, were addressed using statistical tests (see "MVH deviations verification" section). The data from pilot TTO exercises were included into the final study data set.
Interview Procedure
Each respondent was asked to perform the following tasks: 1) indicate his or her own health status using the EQ-5D descriptive system; 2) perform the ranking exercise; 3) value the ranked health states using the EQ-5D VAS; 4) rate his or her own health on the EQ VAS; 5) perform the TTO exercise; and 6) answer some socioeconomic background questions. Two sets of 25 cards describing health states according to the EQ-5D descriptive system were used alternatingly by the interviewers (Table 1) . Dead and 11111 are not valued in the TTO exercise by its design. All health states used in the MVH study were used, except "unconscious." Two additional health states (23333 and 32333) were chosen from those proposed by Kind [12] . Cards describing health states were divided into two fixed sets in such a way that 1) there was equal representation of "very mild," "mild," "moderate," and "severe" health states in both sets; and 2) the largest number of logical comparisons was allowed (e.g., health states "11112" and "11113" were included in set 1, while health states "11121" and "11131" were included in set 2). This procedure was intended to facilitate ranking by the respondent, to shorten the survey time and to control data quality. Health states applied in the ranking exercise (Table 1 , states marked with *) were also selected in the same way to facilitate the survey and shorten the duration of the preliminary part of the study. Equalization of the value of health states in both sets used in the ranking exercise was not a priority. Cards used in the ranking exercise were marked in the corner on the reverse side by a black dot to allow interviewers to make a quick selection among the cards in each set. Health state cards were shuffled before the TTO exercise and were presented in random order. Interviewers were asked not to present the first three cards describing health states worse than death.
The TTO exercise used the same visual probe as used in the United Kingdom and in the United States (where researchers also used a protocol similar to the UK MVH protocol) [9, 13] . This probe, often called a "time board," allows for both positive and negative TTO values. The interview book used by Shaw et al. [14] was translated into Polish and used for training the inter- viewers and in the pilot interviews. During these pilot tests, it emerged that the book was rather complex. For instance, the description of a single TTO exercise occupied three pages in English (US) and four pages in the Polish version. Because we had planned to elicit values for as many as 23 states using TTO, the TTO valuation task would have taken more than 90 pages. Moreover, it was considered likely that a 90-page-long protocol would obstruct the flow of the interview. Based on the interviewers' suggestions and subsequent pilot tests, the instruction and documentation of the TTO exercise in the protocol book was reduced to a graphic system, which allowed the registering of results of five TTO exercises on a single page (http://www. ispor.org/Publications/value/ViHsupplementary/ViH13i2_ Golicki.asp). Every interviewer was trained and had continuous access to a separate instruction standardized on the TTO methodology as carried out in the US study [13] .
Respondents were allowed to trade time in months and weeks instead of years when no valuation changes were noted for a period of 9 years on side 1 of the time board (positive values). This was a modification introduced during a TTO valuation study by German EuroQol Group members [15] . Results of the TTO exercise were read out from the scale in the protocol book with an accuracy of 0.25 of a year. States regarded as better than dead were anchored on a scale ranging from full health to dead: X/10. States regarded as worse than dead were calculated as X/10 -1, so scores were bounded by 0 and -1 [9] .
Exclusion Criteria
To ensure "rational" trade-offs, respondents who misunderstand the task were removed [16] . These respondents were identified according to the following exclusion criteria: fewer than three states valued, all states valued worse than dead, all states valued the same, and "serious logical inconsistencies." These respondents were distinguished from those who provided "irrational" values resulting from "normal cognitive imperfections." A logical inconsistency was defined as being an instance where one health state could be clearly seen to be better than another but the respondent ranked it as worse. A logical inconsistency was called "serious" if the difference in valuation was greater than 0.5. It was considered a clear sign that the respondent had misunderstood the task when he or she had 10 or more serious inconsistencies. In these cases, all responses relating to that particular respondent were excluded. Extreme values, defined as values more than 2 SD from the mean, were also excluded.
MVH Deviations Verification
One of the aims of the present study was to evaluate the possible bias resulting from the modifications made to the original MVH study design and by expanding the TTO experiment to 23 states per respondent. We anticipated that respondents might be too fatigued to credibly answer the last TTO questions. At least two issues would arise as a result: the mean valuation of a health state might be different or the variance of this valuation might increase. In the first case, it would pose a problem relating to the credibility of the valuation; in the second case, the overall error of estimation might increase.
To assess the possible bias involved, several tests were conducted. First, we tested whether the mean valuation for each health state differed when it was valued in the middle of the experiment (as 6th-17th state) or at the end of the experiment (as 18th-23rd state). The first five health states were omitted in this comparison, because they might have been perceived as a warm-up task in the TTO experiment. During valuation of first health states, respondents are just learning the rules of TTO exercise and the variance of the valuation may be significantly high. Beside that, the first three states differ from states valued later, because we asked interviewers not to show states worse than dead at the beginning of the TTO exercise. Because we intended to increase the power of the test and minimize the type II error (not finding a difference in means when there was one), a higher than usual significance level of P = 0.1 was used. At the same time, to control for the multiple hypotheses testing for the 44 individual states, we used the Hölm-Bonferroni correction for multiple hypotheses testing. A t test with separate variance estimation was used, but the common variance assumption did not change the results. Tests for equality of variances were performed analogously.
Modeling
The dependent variable was the loss of utility associated with a specific health state, i.e., 1 -u, where u is the utility. The predictor variables included binary variables dk,l(j) equal to 1 or 0 depending on whenever level l of domain k of health state j was 1, 2, or 3. Furthermore, we used derived variables described in earlier EQ-5D valuation studies-N3, D1, I2, I2sq, I3, and I3sq (for definitions, see Table 2 ) [9, 13] .
The data had the panel structure with one level being the respondent index, and the other the health state being evaluated. Two approaches were used in modeling. In the first approach, a simple random effects model was built in. For example, it was assumed that the loss of utility assigned by i-th respondent to the j-th health state was described as
where a denotes the model parameters, dk,l(j) was defined as above, hi,j denotes the error term associated with a single TTO experiment, and ui denotes the error term associated with i-th respondent (and fixed for this respondent across all TTO experiments). It was assumed that hi,j and ui were independent and normally distributed with zero means. Additionally, models with other variables describing the health state j than just dk,l(j) were used. Random effects modeling was performed with GRETL software [17] . 
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As a second approach, a more complex random parameters model was estimated using Bayesian statistics. In this more complex model, it was assumed that the respondents could differ not only in the error terms, but also in the model parameters. This approach allowed for a full incorporation of demographic differences. The specification of a model was as follows: where a, dk,l(j), and hi,j denote as above, and ei,0 and ei,k,l denote the random variability of model parameters on the individual level (notice that ui is incorporated in ei,0 term). It was assumed that ei,0 and ei,k,l were independent normally distributed random variables with fixed variance across all respondents. The random parameters model was estimated using the Bayesian approach and Markov Chain Monte Carlo (MCMC) method in WinBUGS software (MRC Biostatistics Unit, Cambridge, UK) [18] . Noninformative priors were used as follows:
1000
During the MCMC simulation, 10,000 initial simulations and 10,000 sample simulations were used. Ninety-five percent confidence intervals were calculated using the percentile method.
The quality of the models was assessed on two levels-on the individual TTO valuation level and on the health state level. On the individual level, standard R 2 coefficient and mean absolute difference between theoretical and empirical value (mean absolute error [MAE]) were calculated. For all 44 health states used in the experiment, the mean absolute difference between value predicted by the given model and average valuation (for the data set used in modeling) was calculated as well as number of states, for which this difference was larger than 0.05 or 0.1.
Comparison with Other Countries' Value Sets
EQ-5D model coefficients and health state values estimated in the present Polish valuation study were compared with those estimated in other countries. Two TTO and two VAS value sets were chosen: 1) the United Kingdom TTO value set (MVH A1 [9] ) as it is the "original" standard; 2) the German TTO value set [15] as it emanates from the country closest geographically to Poland; 3) the European VAS value set [5] as recommended by the AHTAPol; and 4) the Slovenian VAS [19] as an example of a country that can be defined as Central European with a similar political history (although not necessarily sharing cultural similarities with Poland). We performed plain comparison of model coefficients and calculated the mean absolute difference between health states values, the number of health states (out of 243) with values more than 0.05 (or 0.1) different from Polish value, and the correlation coefficient between value sets.
Results
In total, 321 respondents completed the interview, of which 53% were females. Age and sex distributions of the respondents after exclusions are shown in Table 3 . The interviewed sample group was representative of the Polish general population in terms of age and sex, but contained a large proportion of individuals with higher education, employed people, and students as well as a low percentage of widowed individuals. Approximately 62% of survey participants came from Warsaw, 19% from other towns, and 15% from rural areas. Overall, 86% of individuals in the sample group were inhabitants of Mazowieckie voivodship. The majority of problems reported in the EQ-5D descriptive system were pain/discomfort (40.1%) or anxiety/depression (37.8%). The mean health state recorded on the EQ VAS was 81.4 (SD 14.5), and the mean interview time was 42 minutes (SD 13).
There was no response with fewer than three states valued, or with all states valued worse than dead, or with all states valued the same. We identified 532 serious logical inconsistencies in 120 (37%) interviews. Sixteen respondents with 10 or more serious logical inconsistencies were excluded from the final analysis. These respondents did not differ in demographic characteristics from the whole sample group. Eleven of the 16 excluded respondents (69%) were interviewed by the same interviewer, suggesting that the surveyor himself might have been the cause of the logical inconsistencies. Additionally, 206 extreme values, deviating from the mean score by more than 2 SD, were considered invalid and were excluded from the analysis. As a result, the number of useable valuations was reduced from 7351 to 6983 by excluding the 16 respondents with a high number of serious logical inconsistencies and, subsequently, to 6777 after excluding the extreme values ( Table 4) .
The two final models resulted from the random effects modeling are presented in Table 5 . The first model encompasses all All coefficients were significant at P < 0.001 unless otherwise stated. CI, confidence interval; MAE, mean absolute error.
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statistically significant variables, including I3sq (tested for significance of individual variables with t test and the whole set by F test). The R 2 value of the model amounted to 0.4524. Because this model contains the nonintuitive I3sq variable, it might be considered as less creditable. Therefore, a second model using only dk,l variables was estimated. On the other hand, exclusion of statistically significant variables and the correlation with the other independent variables introduces bias. Nonetheless, the parsimonious model was much more intuitive and had an R 2 value of 0.4517, which is only marginally different from the saturated model.
Ninety-five percent confidence intervals for the Bayesian model excluded zero; thus, all domains on all levels significantly influenced the utility values (Table 5 ). In a Bayesian estimation, R 2 was not meaningful and is not reported here. It is also worth noting that the random parameters modeling results were very similar to the random effects modeling, indicating that the heterogeneity of the surveyed population had generally no impact on the results. Because Bayesian modeling resulted in no extra predictive value (MAE of 0.039 for the parsimonious model vs. 0.041 for the random parameters model), we therefore decided to base the Polish value set on the classical random effects model, with only dk,l variables and without any interaction variables. The final full Polish EQ-5D value set is presented in Table 6 .
Test of Additional TTO Valuations
The comparison of health state values when assigned during the middle of the experiment (position 6 to 17) or at the end (position 18 to 23) showed no statistically significant differences neither in mean nor in variance using the Hölm-Bonferroni correction (the smallest P-values for means and variances comparison between groups were equal to 0.0161 and 0.006, respectively, with Hölm-Bonferroni threshold of 0.002273). The results are shown in Table 7 (the values have been ordered according to P-values in variance testing). We therefore inferred that additional states were credibly valued (with identical means) and increased the precision of the final estimation (i.e., did not inflate the total variance). Hence, the extension of the number of states was justifiable.
Comparison with Other Countries' Value Sets
In a comparison of estimated values, for all health states, it can be seen that the Polish TTO values are higher than the UK values from the MVH survey (Fig. 1a) and were similar to the German TTO values, although estimation of individual states differed (Fig. 1b) . Comparison with the European and Slovenian value sets showed the classical pattern of differences between TTO and VAS values, with Polish TTO values higher for the better health states and lower for the worse health states (Fig. 1c,d) . Table 8 presents a statistical summary of cross-country comparisons. Polish health state values correlate significantly with UK values from the MVH A1 value set (R 2 = 0.90), but at the same time, mean absolute difference between Polish and UK values is the largest (0.245, compared with 0.117 between Polish and German values).
Discussion
In this study, we performed 321 face-to-face TTO interviews, directly measuring population values for 44 EQ-5D health states and estimated the Polish EQ-5D value set using random effects modeling.
The Polish EQ-5D valuation study differed in several aspects from the original UK MVH protocol. First, we reduced the ranking exercise to 10 health states and nearly eliminated the VAS valuation of ranked health states (four states) while increasing the number of health states to 23 valued in the TTO exercise. To date, this is the highest number of health states per respondent valued in a national valuation study. Second, similar to valuation studies performed in The Netherlands [10] and in Japan [11] , predetermined health state sets were used; yet, in contrast to the before-mentioned studies, there were two sets, not one. Third, we developed a detailed description of the TTO exercise in a separate instruction booklet, leaving the graphic form of recording the TTO results in the protocol book. Additionally, we confirmed the results of random effects modeling in random parameters modeling (using the Bayesian approach), proving that heterogeneity of the surveyed population had no influence on the results. The limited number of respondents can be regarded as a potential weakness of our study, although the size of the sample group is similar to the sample size in the German [15] and Dutch [10] valuation studies. The sample size proved to be sufficient in obtaining statistically significant model coefficients. Another important weakness of our study may be lack of formal random allocation of responders to our study population. The representativeness of the sample was controlled with respect to two characteristics-age and sex-through quotas. Of course the sample is not representative with respect to other features: education, geography, or having a relative/friend inpatient. It is difficult to state a priori whether this characteristics impact the preferences among health states. On one hand, it can be argued that it can impact the preferences depending on the relative's illness; on the other, it may increase the awareness of the respondent and improve the quality of the results. Although patient relatives may not be an ideal population for valuation exercise, they were interviewed in earlier valuation studies in Spain and Argentina [20, 21] . Our highly educated study sample, although not representative for general population, may better comprehend and perform TTO exercise, making the results more consistent and credible, and actually improve goodness of fit. Nevertheless, it may be the case that the highly educated differ from worse educated in the preferences among health states either directly or indirectly via another characteristics (e.g., increased wealth). In this case, our results would be biased. Because there were no previous health surveys using EQ-5D in Poland, it is unlikely to assess the representativeness and compare our study sample with the Polish general population considering health status data. This line of research should be pursued in the following studies.
Finally, by using fewer interviewers, we would probably have improved the quality of data, but for practical reasons, we were unable to reduce their number below 10. Despite these limitations, goodness-of-fit analysis proved that direct utilities from surveys fit the model-derived utilities relatively well with R 2 of 0.45, which is close to 0.46 obtained in the MVH study [9] . The smallest value in each P-value column has been put in bold. The minimal Hölm-Bonferroni threshold amounts to 0.0023.
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Moreover, we believe that the present study supports the use of more health states in TTO experiments than previously thought. We found no statistical differences neither in mean nor in variance between valuations when a given health state was valued as 6th-17th in a row or 18th-23rd. Therefore, there is no risk of a bias or efficiency decrease in the estimation. This finding provides evidence for improving the efficiency of valuation protocols and supports the estimation of national value sets in other countries, including Central and Eastern Europe.
In the Polish version of EQ-5D, as in the Dutch and Italian versions, the wording chosen for the third level of "mobility," "confined to bed," implies being bedridden. Some of the authors were concerned that this could have caused the Polish values to be lower for health states that included the third level of "mobility" [7] . In comparing dimensions (based on level 3 coefficients and assuming no other problems), individuals in Poland, similar to those in the United Kingdom and Zimbabwe, valued problems associated with "pain/discomfort" as the worst and not the problems associated with "mobility," as in Argentina, Denmark, Germany, Japan, Spain, the United States, and Spanish-speaking Hispanic US residents [2] . In Poland, similar to Argentina and the Spanish-speaking Hispanic US residents, the "anxiety/depression" domain was ranked as the least important [21, 22] . This differs from other countries where the "usual activities" domain was judged the least important.
Conclusions
This is the first EQ-5D value set based on TTO in Central and Eastern Europe so far. Because the values differ considerably from those elicited in Western European countries, its use should be recommended for studies in Poland. Increasing the number of health states that each respondent is asked to value using TTO seems feasible and justifiable.
